ABSTRACT
Introduction

Background of the study
Mother-to-child transmission (MTCT) of human immunodeficiency virus (HIV) is a major public health problem and its prevention is vital in curtailing HIV acquisition among children. 1 Mother-to-ChildTransmission of HIV accounts for over 90% of HIV infections in children, 2, 3 and Nigeria has the highest number of new HIV infections among children. Motherto-child transmission accounts for up to 14% of new HIV infections globally. [4] [5] The risk of transmission in the absence of any intervention by an infected mother is estimated to be 15-25%, which increases significantly to 20-45% when infants are breastfed. 6 Prevention of mother-to-child transmission (PMTCT) interventions reduces the risk of transmission to less than 5% if strategies are adhered to during pregnancy, labor, delivery and breastfeeding. 7 These interventions involve holistic approaches that range from administration of antiretroviral therapy for the mother, a short course of antiretroviral drugs for the baby, adoption of measures to prevent HIV acquisition in the pregnancy and right choice of feeding options. Based on 2014 sentinel survey, national HIV seroprevalence rate among pregnant women in Nigeria was 3.0% (ranging from 0.9% to 15.4% across various geopolitical zones) 8 compared with 5.8% obtained from an earlier survey conducted in 2001. The reduction is likely connected with improvement in scale up of PMTCT programs. Several authors have reported different aspects of PMTCT including scale up of HIV counselling and testing for pregnant women and treatment of all HIV-infected pregnant women irrespective of their CD4 count initiation of post-exposure prophylaxis for HIV-exposed infants and choice of appropriate feeding options and the World Health Organization recommends excluding breastfeeding for the first six months of life of exposed infants. [9] [10] [11] [12] [13] [14] [15] Where replacement feeding is recommended, it must be Acceptable, Feasible, Affordable, Sustainable and Safe (AFASS). 14, 15 Mixed feeding is not encouraged because of associated high risk of HIV transmission to infants of HIV-positive mothers and infant mortality but for undisclosed reasons, some enrolled mothers opted to feed their infants. The purpose of this study was to examine how the choices of feeding options by HIV-infected mothers in combinations with antiretroviral interventions affected PMTCT outcomes. This was a baseline assessment of PMTCT success rate of PMTCT services in our facility aimed at enhancing policy formulation, program planning, and establishment of patient clinical benefits.
Objectives of the study
The objective of this study was to assess the PMTCT services success rate at this facility, the only federal tertiary health institution in rural area of Ekiti state that offers anti-retroviral therapy (ART)/ PMTCT service, to determine the extent to which the facility met its set goal of achieving less than 5% mother-to-child transmission of HIV.
Specific aims and hypothesis
Specifically, the study: 1) assessed if certain social demographic characteristics affect PMTCT outcomes; 2) assessed the impact of the mean CD4 counts of enrolled mothers categorized based on infants HIV-status and feeding options on PMTCT outcomes; 3) assessed PMTCT success rates among enrolled mothers based on antiretroviral therapy interventions period and feeding options; 4) determined the prevalence of mother-to-child transmission of HIV-1 among exposed infants; and 5) determined the pediatric antiretroviral success rates among HIV-1 exposed infants. We hypothesised that Antireroviral interventions and feeding options will influence PMTCT outcomes in this population.
Methods
This was a prospective cohort study designed to assess the PMTCT success rate based on the antiretroviral interventions and feeding options of pregnant women enrolled at our PMTCT clinic and followed up till presentation of their infants at our who met the study inclusion criteria, gave consent to participate, and whose infants were presented at our Pediatric infectious disease clinic for early infant diagnosis (EID) were enrolled for the study. Mothers who knew their HIV status following childbirth were excluded from the study. Combination of the pregnant women's folders and structured questionnaire were administered by the Obstetrics and Gynaecologists, and Pediatricians involved in HIV/AIDS care during the PMTCT services clinic and Paediatric Infectious Disease clinic respectively to extract social demographic, infant feeding and antiretroviral interventions data on motherinfant pair. Antiretroviral drugs were given to enrolled mothers following counseling on compliance and feeding options and HIV-exposed infants were offered post-exposure prophylaxis. CD4+ T-lymphocyte count analysis was carried out by flowcytometric technique (using Cyflow counter). Eighty-five dry blood spot (DBS) samples were obtained from infants at our PEPFAR-Supported ART laboratory and packaged for analysis at the Virology Research Centre, Obafemi Awolowo University Teaching Hospital, Ile-Ife, Nigeria after three hours of collection. This study was carried out with approval from the Ethics and Research Committee of Federal Teaching Hospital, Ido Ekiti.
Statistical analysis
Statistical Package for Social Sciences (SPSS) version 21 was used to obtain mean ± standard deviation of mean ages and CD4 counts of enrolled mothers and percentages of study data using simple descriptive analysis.
Results
Social demographic characteristics
The results of the social demographic variables of the enrolled mother-infant pair were represented in Table 1 . Seventy (70.6%) of the enrolled mothers had secondary/tertiary education and 73 (85.9%) identified themselves as Christians. The overall mean age of enrolled mothers was 31.3 ± 4.4 years while those with HIV-positive and HIV-negative infants were 33.4 ± 1.7 and 31.1 ± 4.6 years respectively. Mean age of HIV-exposed infants at presentation was 3.9 ± 1.2 months. Seventy-one (83.5%) of the infants (28 or 32.9% were males and 43 or 50.6% females) were less than 6 months at first visit, four 
Age (Mean±SD in years)
Overall mean age of enrolled mothers 31.3±4.4
Mean age of mothers with HIV-positive infants 33.4±1.7
Mean age of mothers with HIV-negative infants 31.1±4.6
Mean Age of enrolled infants (Mean±SD months)
Mean age of 85 infants enrolled at presentation 
Sex of infants presented at paediatric infectious disease n (%)
≤ 6 months
Main variables
Mean CD4 Counts of Enrolled Mothers Categorized Based on Infants HIV-status and Feeding Options
A total of 85 mothers with their HIV-exposed infants were recruited. Seven (8.2%) of enrolled patients had HIV-positive infants while the rest 78 (91.8%) were negative. Table 2 presents the mean CD4 counts of enrolled mothers based on infants' HIV-status and feeding options. The overall mean CD4+ T-lymphocyte count of enrolled patients was 368.6 ± 216.2 cells/µl. The mean CD4+ T-lymphocyte count of mothers with HIV-positive and HIVnegative infants were 403.6 ± 180.2 cells/µL and 387.1 ± 224.0 cells/µl respectively. Seven infants tested HIV positive, 3 of these infants (42.9%) were exclusively breastfed while 4 (57.1%) of the infants were on mixed feeding. The mean age and CD4+ T-lymphocytes count of mothers who breastfed their infants exclusively were 34.3 ± 0.7 years and 500 ± 124.1 cells/µl and for those who had mixed feeding were 32.7 ± 1.3 years and 174.2 ± 0.1 cells/µl respectively. Similarly, based on feeding options, out of the 78 enrolled mothers with HIV-DNA negative infants based on real-time reverse-transcriptase PCR (qPCR), 73.1% did exclusive breastfeeding, 7.7% practiced exclusive replacement feeding, while the remaining 19.2% practiced mixed feeding. The mean age and CD4+ T-lymphocytes count of enrolled mothers with exclusive breastfeeding option were 30.6 ± 4.6 years and 361.1 ± 216.8 cells/µL. Mothers of HIV-DNA negative infants with replacement feeding option had mean age and CD4+ T-lymphocytes count of 30.8 ± 2.5 years and 327.0 ± 230.0 cells/µl while those with mixed feeding option had mean age and CD4+ T-lymphocytes count of 28.6 ± 13.0 years and 459.7 ± 212.0 cells/µl. Table 3 presents the data on the PMTCT success rates based on antiretroviral therapy and infant feeding options. Among the enrolled mothers with positive infants; four (57.1%) did not use ART during the pregnancy, labor, delivery and infant feeding, 2 (28.6%) were known HIV positive clients who were on ART before pregnancy and continued antiretroviral regimen during the pregnancy, while remaining one (14.3%) commenced highly active antiretroviral therapy (HAART) only after delivery. In addition, among the enrolled mothers with negative infants, 11 (14.1%) did not receive any ART, while 27 (34.6%) and 40 (51.3%) respectively started HAART before and during pregnancy. The overall PMTCT success rate among the 85 enrolled women based on the combination of antiretroviral interventions and feeding options was 91.8%. Early infant diagnosis results showed HIV-1 prevalence of 5.0%, 0% and 21.1% among infants of mothers who opted for breastfeeding, replacement feeding and mixed feeding respectively. PMTCT success rates were 95% among those who chose breastfeeding; 100% among those chose replacement feeding; and 78.9% among those who chose mixed feeding. Figure 1 is the bar chart that showed the prevalence of mother-to-child transmission of HIV-1 among exposed male and female infants based on age groups and gender. Study results showed HIV-1 prevalence of 1.2% among male infants within > 6 ≤ 12 months old, and HIV-1 prevalence of 3.5% among female infants aged ≤ 6 months and 3.5% among female infants aged >12 ≤ 18 months.
PMTCT Success Rates among Enrolled Patients Based on Antiretroviral Therapy Interventions Period and Feeding Options
Prevalence of Mother-to-child Transmission of HIV-1 among Exposed Infants
Other variables
Paediatric Antiretroviral Interventions Success Rates in HIV-Exposed Infants
Results showing pediatric antiretroviral intervention success rates (PARTISR) in HIVexposed infants are presented in Table 4 . A total of 85 HIV-exposed infants were presented at their first visit to the Paediatric Infectious Disease clinic during the 3 years and 4 months study period. Overall data showed that out of the 85 infants enrolled, only 65 (76.5%) of the infants received post-exposure antiretroviral prophylaxis necessary 
Discussion
More than two-thirds of enrolled mothers had at least secondary education and it could be deduced that the more educated accessed PMTCT services based on the knowledge of possible risk of motherto-child transmission of HIV. 16 It could not be categorically stated that predominance of enrolled mothers religious and tribal bias was responsible for research outcomes. Further studies involving predominantly pregnant women of Islamic faith or other religions, and those that enrolled patients of different tribes are needed to show the impact of religion and ethnicity on PMTCT success rates. Study also showed sex inequalities among infants born to HIV-exposed mothers and presented at the Pediatric Infectious Disease (PID) clinic at different age groups.
The risk of having HIV-positive infants might not be maternal-age-dependent but highly dependent on the CD4 counts as revealed by slightly increased mean CD4 counts among those with infants who were HIV-positive (403 ± 180 cells/µL) and supported by a number of studies. [17] [18] [19] [20] This study showed maternalto-child transmission of HIV-1 of 8.2%. This was far lower than the national MTCT rate of nearly 32% 16 and more than 60% above the 5.0% recommended by the WHO. 21 Moreover, evidence showed that the HIV-status of exposed infants did influence the feeding option choices of mothers' post-partum or post-natal. Only 43.0% of patients on PMTCT program chose to exclusively breastfeed their HIVpositive infants despite the higher mean CD4 counts 500 ± 124 cells/µL compared to 73.1% of those with HIV-negative exposed infants with mean CD4 count of 361.1 ± 216.8 cells/µL. What accounts for this difference remains unclear and requires further research.
Similarly, 57.1% of mothers with HIV-positive babies chose mixed feeding compared to 19.2% of those with HIV-negative exposed babies. Selection of mixed feeding option by the former category of mothers especially among those with HIV-positive infants could probably be due to their waned immune status as evidenced by lower CD4 counts (160 ± 0.1 cells/µL). The negative attitude of patients to option B+ in our facility following transition from option B guideline in 2013 might partly be responsible for the overall PMTCT success rate of 91.8% obtained in this study as corroborated by a prior study. 22 A report on prevention gap by the Joint United Nations Program on HIV/AIDS indicated that treatment drop-outs rate among pregnant and breastfeeding women remain high and that contributed to increased risk of HIV transmission to the children. 19 In this regard, some of the HIVpositive mothers on antiretroviral therapy might not have complied 100% with drug taking during pregnancy or while breastfeeding. However, the and South Africa 10 confirmed the strong association between mixed feeding and high MTCT especially within the first six months of life compared to the exclusively breastfed infants. Evidence from this study lends credence to the need to emphasize exclusive breastfeeding among HIV-positive women irrespective of the status of their infants as long as the mother was on ART and the infant is on ART prophylaxis. Zero percent MTCT report from this study on babies that were formula-fed showed that exclusive replacement feeding may be a suitable alternative in non-breastfeeding mothers.
Again, this study established that gender of infants born to HIV-positive mothers played a role in maternal-to-child transmission of HIV. Female infants were more at risk of HIV infection through vertical transmission than their male counterparts. This finding was consistent with outcomes of other studies. 24, 25, 26 Khobondo et al reported 2.5-fold prevalence among female in Nairobi than male infants in 2015 while the outcome of this study showed nearly 6-fold HIV prevalence. Studies have clarified the mechanisms behind the factors attributed to this difference. Genetic, epigenetic, hormonal and immunologic factors have been identified. 25, 27 Moreover, the Pediatric antiretroviral therapy intervention success rate (PARTISR) decreased as the infants age-group at presentation increased. That is, age of infants at presentation is a risk factor of MTCT in HIV-exposed infants. Evidence showed that the post-exposure prophylaxis of single dose nevirapine for the first six weeks of breastfeeding is effective. Similarly, daily administration of nevirapine prophylaxis for 4-6 weeks or twice daily azidothymidine (AZT) for children that were exclusively formula fed has proven to be effective in preventing MTCT. The average time from birth to presentation at PID of all infants was 3.9 ± 1.2 months. The inverse relationship observed between PARTISR and the infants age-groups at presentation may be attributable to decreasing compliance to ART, late presentation due to loss to follow up predicated by the negative attitudes of HIV-infected mothers to PMTCT as well as social-economic factors that led to prolonged breastfeeding of infants especially those in the >12 ≤18 months age group which might have been counter-productive in mothers and infants who received nothing.
Limitations
Impact of religion, ethnicity and marital status on PMTCT outcomes could not be established in this study. Whether these constitute risk factors of MTCT requires further research. Certain risk factors may contribute to transmission of HIV-1 among exposed infants in-utero, postpartum and postnatal but this study did not capture these different phases neither did it capture the diagnosis period or years of being on ART prior to pregnancy and option full B+ implementation.
Recommendation for further studies
Future studies should explore the impact of religion, ethnicity and marital status on PMTCT outcomes. Future studies should also examne outcomes of full option B+ implementation in rural settings, and MTCT risk factors for in-utero, intrapartum and postnatal infections.
Conclusions and Global Health Implications
In this study, we found that the combination of effective PMTCT interventions and breastfeeding is important for successful prevention of motherto-child-transmission of HIV to exposed infants. Implementation of more clinical interventions as well as service interventions including effective follow up methods and more productive counseling on feeding options in our settings can further reduce the scourge of HIV/AIDS epidemics among exposed infants and improve outcomes.
Key Messages
• Planning and implementation of exclusive breastfeeding of infants of HIV-infected women irrespective of infants' status is key to successful PMTCT program.. • Evidence suggests the need for more pragmatic strategies to ensure full compliance of mother-infant pairs to ART through proper follow-up for successful PMTCT outcomes.
• Mixed feeding continues to contribute to increased risk of MTCT among HIV-exposed infants, thus stakeholders involved in PMTCT services must be well-equipped for effective counseling of pregnant women on feeding options' risks and benefits.
